Objective: To assess middle ear aeration after total mastoid obliteration using bone pate and hydroxyapatite performed at the second stage of intact-canal-wall (ICW) tympanoplasty. Study Design: Retrospective study. Setting: Tertiary referral hospital. Patients: Forty-two ears with cholesteatoma underwent the obliteration. Computed tomography (CT) scan 1 week before the second-stage operation showed disturbance of middle ear aeration. In the 27 ears of these cases, temporal bone CT scans taken 3 years or more after the operation were available. Intervention: We performed second-stage ICW tympanoplasty 1 year after the first-stage canal-up operation. After mastoidectomy and ossiculoplasty, communication between the tympanic cavity and antrum was blocked with cartilage flaps, and the antrum and mastoid cavity were obliterated totally with bone pate alone or combined with hydroxyapatite granules. Main Outcome Measures: Otomicroscopic and otoendoscopic assessment for ear drum retraction was graded. Tympanic aeration assessed with CT when available.
Results: After the total mastoid obliteration in the second-stage ICW tympanoplasty, no postoperative complications nor residual cholesteatoma were encountered. The incidence of ear drum retraction was significantly correlated with the grade of tympanic aeration. Conclusion: The total mastoid obliteration done at the secondstage ICW tympanoplasty is a safe procedure that facilitates aeration of the tympanic cavity. In ears with restored tympanic aeration, the probability of a retraction pocket development is low. On the contrary, possibility of retraction pocket development is high in the ears with poor tympanic aeration after the second-stage operation. Key Words: CholesteatomaV Retraction pocketVStaged intact-canal-wall tympanoplasty with mastoid obliterationVTotal mastoid obliterationVTympanic aeration. The surgical management of cholesteatomas arising in poorly aerated middle ears remains controversial because there is no completely reliable surgical means to normalize Eustachian tube malfunction. With the canal-wall-up procedure, an attic retraction pocket (RP) frequently develops several years after the operation, and a cholesteatoma recurs in the pocket. When the canal-wall-down procedure is used, the tympanic membrane gradually adheres to the medial wall of the middle ear, and debris accumulates in the tympanomastoid cavity. To prevent these recurrences, a variety of surgical modifications have been attempted with varying degrees of success (1Y10).
Otol Neurotol
This article describes a total mastoid obliteration technique for a staged intact-canal-wall (ICW) tympanoplasty that effectively controls cholesteatomas arising in poorly ventilated middle ears. The operation aims to create a small aerated tympanic cavity while keeping the external ear canal intact and ultimately to prevent the future recurrence of cholesteatoma. Analysis of the follow-up results showed that the formation of a RP depended on the lack of tympanic aeration; the procedure described here helps minimize this possibility.
STAGED ICW TYMPANOPLASTY WITH TOTAL MASTOID OBLITERATION
First-Stage Operation Transcortical mastoidectomy and posterior hypotympanotomy are first performed through a retroauricular incision (11, 12) . Whereas the mastoid cortex is drilled, bone pate (BP) is collected using a pate collector. With a combined approach, the cholesteatoma is eliminated totally, together with the malleus and incus. A sufficiently large 0.5-mm-thick Silastic sheet is inserted from the antrum into the tympanic cavity to prevent adhesion of the reconstructed tympanic membrane. The scutum defect is closed using BP, and the eardrum defect is repaired with a piece of temporal fascia using an underlay technique. The defect in the mastoid cortical bone is closed using a plate of BP hardened with fibrin glue to facilitate aeration of the middle ear (13) . Then, the retroauricular wound is closed.
Indications for Total Mastoid Obliteration in the
Second-Stage Operation The second-stage operation is performed 1 year after the first-stage operation. Computed tomography (CT) of the temporal bone is performed 1 week before the operation to assess middle ear aeration, which is graded using the following scale, as described previously (14): 0, no aeration in the middle ear; 1, only the mesotympanum is aerated; 2, the entire tympanic cavity, including the attic, is aerated; and 3, the tympanic and mastoid cavities are aerated. Staged ICW tympanoplasty with total mastoid obliteration, as described below, is indicated for ears with grade 0 to 2 aeration, whereas mastoid obliteration is not indicated for ears with grade 3 aeration.
Total Mastoid Obliteration in the Second-Stage
Operation A retroauricular incision is made along the scar from the previous procedure, and the reconstructed mastoid cortex is exposed and drilled out to open the mastoid cavity. Again, BP is collected using a pate collector. The regenerated mucosa around the Silastic sheet is usually thick, and little air space is observed in the middle ear. The thick edematous mucosa in the mastoid and antrum is removed together with the Silastic sheet, and the air space in the tympanum is secured. Endoscope-assisted exploration for residual cholesteatoma is performed. The scutum reconstructed in the first stage operation is recruited with a piece of cartilage. The ossicles are reconstructed using either a partial or total ossicular replacement prosthesis composed of hydroxyapatite (HA). After completing this procedure, the mastoid cavity is obliterated completely in 4 steps (Fig. 1 ).
Step 1: Using fibrin glue, 2 or 3 pieces of auricular cartilage are glued to the posterior external ear canal from behind to block communication between the antrum and tympanic cavity.
Step 2: The antrum is obliterated with BP.
Step 3: The rest of the mastoid cavity is obliterated with BP. When there is insufficient BP, HA granules can be added to obliterate the cavity completely. 
FIG. 3.
Postoperative tympanic aeration assessed with CT: grade 0, no aeration in the tympanic cavity; grade 1, only the mesotympanum is aerated; grade 2, the entire tympanic cavity, including attic, is aerated. The obliterated BP and HA granules remained in the cavities without absorption.
Step 4: The defect in the mastoid cortex is reconstructed with BP whenever possible, and the retroauricular wound is closed.
RESULTS
Between December 1995 and November 2004, we operated on 158 fresh ears with cholesteatoma. Staged ICW tympanoplasty was performed in 82 ears with primary acquired cholesteatomas extending into the antrum or mastoid cavity and involving the ossicular chain. These cases included staged ICW tympanoplasty with total mastoid obliteration in 42 ears and staged ICW tympanoplasty alone in 40 ears.
The results of staged ICW tympanoplasty with total mastoid obliteration were monitored for at least 3 years in all 42 ears. We have followed 27 ears in 26 patients personally, whereas the remaining 15 ears have been followed by the specialists who referred the patients to us. The patients consisted of 11 males and 15 females aged 8 to 68 years (mean age, 45.4 T 15.9 yr). The demographic data and data on the cholesteatomas are detailed in Tables 1 and 2 , respectively. The patients were followed postoperatively for a mean of 7.3 T 2.9 years (range, 3.0j14.2 yr).
No postoperative complication, such as eardrum perforation, infection, otorrhea, extrusion of the ossicular prosthesis, or residual cholesteatoma, has been noted in any of the 42 ears.
Based on otomicroscopic and otoendoscopic examinations, we classified the degree of eardrum retraction into 3 categories: no retraction, shallow retraction, and deep retraction (Fig. 2) . Aeration of the tympanum was assessed from the most recent CT and graded 0, no aeration in the tympanic cavity; 1, only the mesotympanum was aerated; or 2, the entire tympanic cavity including attic was aerated (Fig. 3) . Table 3 shows the relationship between ear drum retraction and tympanic aeration at the latest examination. As shown here, the incidence of no retraction was highest in the ears with grade 2 aeration, whereas that of deep retraction was highest in the ears with grade 0 aeration. In the ears with shallow retraction, the incidence of grade 1 aeration was highest. The incidence of ear drum retraction was significantly correlated with the grade of aeration (Spearman's correlation coefficient by rank test; p = 0.0017).
DISCUSSION
A number of mastoid obliteration procedures to eliminate the mastoid cavity after a canal-wall-down mastoidectomy, using many different materials with or without canal reconstruction, have been described since the late 1950s (1). Our total mastoid obliteration operation was developed to achieve an entirely different purpose. The objective of total mastoid obliteration is to create a small aerated tympanic cavity while maintaining an intact external ear canal and to prevent the recurrence of cholesteatomas. In our opinion, BP alone or combined with HA granules is the most suitable material for obliterating the mastoid cavity safely and totally. The planned second-stage ICW tympanoplasty is essential for 3 reasons: 1) to eliminate residual cholesteatomas and mucosal inflammatory disease before obliterating mastoid cavity completely, 2) to keep the bony external ear canal intact, and 3) to prevent the absorption of BP and/or extrusion of HA granules. Because mastoid obliteration is unnecessary in patients with good middle ear aeration (ie, grade 3), use of this procedure should be limited to ears with poor tympanic aeration, as confirmed by CT before the second-stage operation. We have used the same surgical principles as our previous study in 1993 (12) . However, in the technique described here, cortex plasty was performed in the first-stage operation, as reported in 2002 (13, 14) , and communication between the antrum and tympanic cavity was blocked using sliced C before obliteration. Mastoid obliteration using BP combined with canalwall reconstruction tympanomastoidectomy, as first described by Mercke (15) , was highly recommended by Gantz et al. (4) to prevent postoperative RPs. Mastoid obliteration combined with a canal-wall-up operation using an anteriorly based pedicled musculoperiosteal flap (16, 17) or abdominal fat (3) has been attempted, and successful short-term results have been reported. Recently, Vercruysse et al. (2) described a mastoid and epitympanic bony obliteration technique combined with a canal-wall-up operation that was very similar to our technique. In 52 pediatric cases, the bony obliteration technique resulted in a dramatic decrease in the incidence of recurrent disease.
Previous follow-up results for mastoid obliteration using hard materials are summarized in Table 4 . Because we staged the operation to control mucosal inflammatory disease and residual cholesteatomas, the incidences of postoperative infection and residual cholesteatoma were incomparably low.
We limited the use of total obliteration to middle ears with poor ventilatory function, as assessed via preoperative CT. Consequently, total mastoid obliteration was used only in ears with a high risk for recurrence. Therefore, a simple comparison of the incidence of RPs with other surgical methods performed unselectively without staging is meaningless. Nevertheless, we must state that even if mastoid obliteration is performed carefully using a planned staged operation, one cannot eliminate deep RP formation in ears with no tympanic aeration (ie, grade 0) after the ICW tympanoplasty.
This study found a significant correlation between the incidence of postoperative tympanic aeration and RPs. At present, we cannot anticipate postoperative tympanic aeration exactly and do not know how to differentiate between ears with very poor tympanic aeration before the first-stage operation or how to restore a sound middle ear in these cases. Further study is required to clarify these issues and establish a management strategy for primary acquired cholesteatoma.
